A novel concept of acid proliferation has been proposed in our laboratory [1] [2] [3] [4] [5] . The concept involves an acid-catalyzed decomposition of an organic compound teased as an acid amplifier which releases another strong organic acid, leading to the autocatalytic decomposition.
Several kinds of acid amplifiers such as acetoacetate derivatives [1, 2] , -sulfonyloxyketone acetal [4] , and diol monosulfonate [5] were designed and synthesized.
The addition of the acid amplifiers to chemically amplified photoresists consisting of a photoacid generator and an acidlabile polymer resulted in a marked improvement of a contrast, whereas photosensitivity was not much improved [2] [3] [4] [5] .
The efficiency of an acid proliferation reaction in a polymer film depends mainly on a diffusion of acid molecules.
If an acid amplifier is decomposed by an acid molecule to release more than two acid molecules simultaneously, it is expected that the addition of the acid amplifier to a chemically amplified photoresist leads to much improvement of photosensitivity because of the enhancement of the efficiency of an acid proliferation reaction.
Our efforts focused on the development of a novel acid amplifier which should fulfill the following requirements.
First, an acid amplifier should be readily subjected to the acidcatalyzed decomposition to liberate simultaneously more than two strong acid molecules which are capable of catalyzing the decomposition of itself. Second, an acid amplifier should be thermally stable in the absence of the acid at least under the reaction conditions to proceed the autocatalytic decomposition and a subsequent acid-catalyzed reaction.
Thirdly, a liberated acid should be so strong to catalyze subsequent chemical reactions to display a non-linear chemical transformation.
J. Photopolym. Sci. Technol., Vol.11, No.3, 1998 We designed 2,4,6-tris(2-tosyloxyethyl)-1,3,5-trioxane (1) as an acid amplifier. This was synthesized in a 3.6 °Io overall yield as shown in Scheme 1. The trioxane derivative is decomposed by the action of the acid with heat treatment to give a E-tosyloxyketone (2) . Owing to the presence of electron-withdrawing carbonyl group, the elimination of ptoluenesulfonic acid (TsOH) readily takes place to produce acrolein (3) (Scheme 2). Furthermore, it is well known that a polyacetal such as a trioxane brings about depolymerization due to the low ceiling temperature which is probably less than room temperature. Therefore, the trioxane derivative would expected to be depolymerized to regenerate monomers to release readily acid molecules by an acid-catalyzed single scission of the main chain of the derivative. It had been already confirmed that the trioxane derivative fulfilled the requirements for an acid amplifier described above [6] .
The trioxane derivative (1) was coupled with a chemically amplified photoresist consisting of diphenyl-(4phenylthiophenyl) sulfonium hexafluoroantimonate (4) as a photaacid generator and poly(tert-butyl methacrylate)(PTBMA) (5) as an acid-labile polymer. Photoresist solutions were prepared by dissolving PTBMA (4 wt°Io), the photoa,cid generator (4) (1 mol% relative to the polymer unit) and the acid amplifier (1) (2-6 mol% relative to the polymer unit) in 1methoxypropyl-2 acetate. The solutions were spin-coated on silicon wafers and were heated at 100 °C for 60 sec to give a thin film of 0.27-0.28 µm in thickness.
Thin films were exposed subsequently to 313 nm light, followed by heating at 100 9C on a hot stage for 6 min to be subjected to the development with a 3 wt°Io tetramethylammonium hydroxide aqueous solution. The thickness of residual films was measured to evaluate photosensitivity.
The addition of the acid amplifier (1) to the photoresist gave rise to the improvement of photosensitivity in the presence of 4 and 6 mol% of 1 (Figure 1 ). Although the formation of a latent photoimage was observed after postexposure baking due to the elimination of isobutene of PTBMA in the presence of 2 mol% of 1, the development with the alkaline solution failed and the film swelled. These suggest that sensitivity enhancement reflects the proliferation of acid molecules by decomposition of 1 in a resist film.
In summary, we synthesis a novel acid amplifier to be expected to improve the efficiency of an acid proliferation reaction. The addition of the acid amplifier to a chemically amplified photoresist gives rise to the improvement of photosensitivity. Figure 1 . Photosensitivity curves of films of PTBMA containing 1 mol% of the photoacid generator (4) in the absence of (0 ) and in the presence of 2 mol% (•), 4 mol% (a ) and 6 mol% of 1(~).
